BACKGROUND: Recent national guidelines recommend use of narrow-spectrum antibiotic therapy as empiric treatment for children hospitalized with community-acquired pneumonia (CAP). However, clinical outcomes associated with adoption of this recommendation have not been studied.
METHODS:
This retrospective cohort study included children age 3 months to 18 years, hospitalized with CAP from May 2, 2011 through July 30, 2012. Primary exposure of interest was empiric antibiotic therapy, classified as guideline recommended or not. Primary outcomes were length of stay (LOS), total hospital costs, and inpatient pharmacy costs. Secondary outcomes included broadened antibiotic therapy, emergency department revisits, and readmissions. Multivariable linear regression and Fisher exact test were performed to determine the association of guidelinerecommended antibiotic therapy on outcomes.
RESULTS: Empiric guideline-recommended therapy was prescribed to 168 (76%) of 220 patients. Median hospital LOS was 1.3 days (interquartile range [IQR] : 0.9-1.9 days), median total cost of index hospitalization was $4097 (IQR: $2657-$6054), and median inpatient pharmacy cost was $91 (IQR: $40-$183). Between patients who did and did not receive guideline-recommended therapy, there were no differences in LOS (adjusted 25.8% change; 95% confidence interval [CI] : 222.1 to 12.8), total costs (adjusted 210.9% change; 95% CI: 227.4 to 9.4), or inpatient pharmacy costs (adjusted 14.8% change; 95% CI: 243.4 to 27.1). Secondary outcomes were rare, with no difference in unadjusted analysis between patients who did and did not receive guideline-recommended therapy.
CONCLUSIONS: Use of guideline-recommended antibiotic therapy was not associated with unintended negative consequences; there were no changes in LOS, total costs, or inpatient pharmacy costs. Journal of Hospital Medicine 2015;10:13-18. V C 2014 Society of Hospital Medicine Community-acquired pneumonia (CAP) is a common and serious infection in children. With more than 150,000 children requiring hospitalization annually, CAP is the fifth most prevalent and the second most costly diagnosis of all pediatric hospitalizations in the United States. [1] [2] [3] In August 2011, the Pediatric Infectious Diseases Society (PIDS) and the Infectious Diseases Society of America (IDSA) published an evidence-based guideline for the management of CAP in children. This guideline recommended that fully immunized children without underlying complications who require hospitalization receive an aminopenicillin as first-line antibiotic therapy. 4 Additionally, the guideline recommends empirically adding a macrolide to an aminopenicillin when atypical pneumonia is a diagnostic consideration. This recommendation was a substantial departure from practice for hospitals nationwide, as a multicenter study of children's hospitals (2005-2010) demonstrated that <10% of patients diagnosed with CAP received aminopenicillins as empiric therapy. 5 Since publication of the PIDS/IDSA guidelines, the use of aminopenicillins has increased significantly across institutions, but the majority of hospitalized patients still receive broad-spectrum cephalosporin therapy for CAP. 6 At baseline, 30% of patients hospitalized with CAP received guideline-recommended antibiotic therapy at our institution. Through the use of qualityimprovement methods, the proportion of patients receiving guideline-recommended therapy increased to 100%. 7 The objective of this study was to ensure that there were not unintended negative consequences to guideline implementation. Specifically, we sought to identify changes in length of stay (LOS), hospital costs, and treatment failures associated with use of guideline-recommended antibiotic therapy for children hospitalized with uncomplicated CAP. This retrospective cohort study included children age  3 months to 18 years, hospitalized with CAP, between  May 2, 2011 and July 30, 8 Patients with complex chronic conditions 9 were excluded. Medical records of eligible patients (n 5 260) were reviewed by 2 members of the study team to ensure that patients fell into the purview of the guideline. Patients who did not receive antibiotics (n 5 11) or for whom there was documented concern for aspiration (n 5 1) were excluded. Additionally, patients with immunodeficiency (n 5 1) or who had not received ageappropriate vaccinations (n 5 2), and patients who required intensive care unit admission on presentation (n 5 17) or who had a complicated pneumonia, defined by presence of moderate or large pleural effusion at time of admission (n 5 8), were also excluded. 7 Finally, for patients with multiple pneumonia admissions, only the index visit was included; subsequent visits occurring within 30 days of discharge were considered readmissions.
METHODS Study Design and Study Population

Treatment Measure
The primary exposure of interest was empiric antibiotic therapy upon hospital admission. Antibiotic therapy was classified as guideline recommended or nonguideline recommended. Guideline-recommended therapy was defined as follows:
1. For children without drug allergies: ampicillin (200 mg/kg/day intravenously) or amoxicillin (90 mg/kg/day orally); 2. For children with penicillin allergy: ceftriaxone (50-100 mg/kg/day intravenously or intramuscularly) or cefdinir (14 mg/kg/day orally); 3. For children with penicillin and cephalosporin allergy: clindamycin (40 mg/kg/day orally or intravenously); and 4. Or azithromycin (10 mg/kg/day orally or intravenously on day 1) in combination with antibiotic category 1 or 2 or 3 above.
Outcome Measures
The primary outcomes examined were hospital LOS, total cost of hospitalization, and inpatient pharmacy costs. LOS was measured in hours and defined as the difference in time between departure from and arrival to the inpatient unit. Secondary outcomes included broadening of antibiotic therapy during the hospital course, pneumoniarelated emergency department (ED) revisits within 30 days, and pneumonia-related inpatient readmissions within 30 days. Broadening of antibiotic therapy was defined as addition of a second antibiotic (eg, adding azithromycin on day 3 of hospitalization) or change in empiric antibiotic to a class with broader antimicrobial activity (eg, ampicillin to ceftriaxone) at any time during hospitalization. As our study population included only patients with uncomplicated pneumonia at the time of admission, this outcome was used to capture possible treatment failure. ED revisits and inpatient readmissions were reviewed by 3 investigators to identify pneumonia-related visits. To encompass all possible treatment failures, all respiratoryrelated complaints (eg, wheezing, respiratory distress) were considered as pneumonia-related. Disagreements were resolved by group discussion.
Covariates Severity of illness on presentation was evaluated using the Emergency Severity Index version 4, 11 abnormal vital signs on presentation (as defined by Pediatric Advanced Life Support age-specific criteria 12 ), and need for oxygen in the first 24 hours of hospitalization. Supplemental oxygen is administered for saturations <91% per protocol at our institution. The patient's highest Pediatric Early Warning Scale score 13 during hospitalization was used as a proxy for disease severity. Exam findings on presentation (eg, increased respiratory effort, rales, wheezing) were determined through chart review. Laboratory tests and radiologic imaging variables included complete blood cell count, blood culture, chest radiograph, chest ultrasound, and chest computed tomography. Abnormal white blood cell count was defined as <5000 or >15,000 cells/mL, the defined reference range for the CCHMC clinical laboratory.
Data Analysis
Continuous variables were described using median and interquartile range (IQR) and compared across groups using Wilcoxon rank sum test due to nonnormal distributions. Categorical variables were described by counts and frequencies and compared using the v 2 test. Multivariable linear regression analysis was performed to assess the independent effect of receipt of empiric guideline-recommended antibiotic therapy on outcomes of LOS and costs while adjusting for covariates. As LOS and costs were non-normally distributed, we logarithmically transformed these values to use as the dependent variables in our models. The resulting b coefficients were back-transformed to reflect the percent change in LOS and costs incurred between subjects who received empiric guideline therapy compared with those who did not.
14 Covariates were chosen a priori due to their clinical and biological relevance to the outcomes of LOS (eg, wheezing on presentation and need for supplemental oxygen), total cost of hospitalization (eg, LOS and need for repeat imaging), and inpatient pharmacy costs (eg, LOS and wheezing on presentation) ( Table 1) .
Secondary outcomes of broadened antibiotic therapy, ED revisits, and hospital readmissions were assessed using the Fisher exact test. Due to the small number of events, we were unable to evaluate these associations in models adjusted for potential confounders.
All analyses were performed with SAS version 9.3 (SAS Institute, Cary, NC), and P values <0.05 were considered significant.
RESULTS
Of the 220 unique patients included, 122 (55%) were male. The median age was 2.9 years (IQR: 1.3-6.3 years). Empiric guideline-recommended therapy was prescribed to 168 (76%) patients (Table 1) . Aminopenicillins were the most common guidelinerecommended therapy, accounting for 84% of guideline-recommended antibiotics. An additional 10% of patients received the guideline-recommended combination therapy with an aminopenicillin and a macrolide. Non-guideline-recommended therapy included third-generation cephalosporin antibiotics (54%) and macrolide monotherapy (33%).
Those who received empiric guideline-recommended antibiotic therapy were similar to those who received non-guideline-recommended therapy with respect to sex, Emergency Severity Index, physical exam findings on presentation, oxygen requirement in the first 24 hours, abnormal laboratory findings, presence of effusion on chest radiograph, and need for additional imaging (Table 1) . However, patients in the guidelinerecommended therapy group were significantly younger (median 2.5 years vs 5.6 years, P 0.01), more likely to have elevated respiratory rate on presentation (60.2% vs 44.4%, P 5 0.04), and more likely to have an infiltrate on chest radiograph (86.3% vs 73.6%, P 5 0.03) ( Table 1) . Patients who received non-guideline-recommended macrolide monotherapy had a median age of 7.4 years (IQR: 5.8-9.8 years).
Median hospital LOS for the total cohort was 1.3 days (IQR: 0.9-1.9 days) ( Table 2 ). There were no differences in LOS between patients who received and did not receive guideline-recommended therapy in the unadjusted or the adjusted model (Table 3) .
Median total costs of the index hospitalization for the total cohort were $4097 (IQR: $2657-$6054), with median inpatient pharmacy costs of $92 (IQR: $40-$183) ( Table 2 ). There were no differences in total or inpatient pharmacy costs for patients who received guideline-recommended therapy compared with those who did not in unadjusted or adjusted analyses. Fourteen patients (6.4%) had antibiotic therapy broadened during hospitalization, 10 were initially prescribed guideline-recommended therapy, and 4 were initially prescribed non-guideline-recommended therapy (Table 4) .
Of the 9 pneumonia-related ED revisits within 30 days of discharge, 7 occurred in patients prescribed empiric guideline-recommended therapy (Table 5) . No ED revisit resulted in hospital readmission or antibiotic change related to pneumonia. Two ED revisits resulted in new antibiotic prescriptions for diagnoses other than pneumonia.
Two patients were readmitted for a pneumoniarelated illness within 30 days of discharge; 1 had received guideline-recommended therapy (Table 5) . Both patients were directly admitted to the inpatient ward without an associated ED visit. Antibiotic class was not changed for either patient upon readmission, despite the decision to convert to intravenous form.
DISCUSSION
In this retrospective cohort study, patients who received empiric guideline-recommended antibiotic therapy on admission for CAP had no difference in LOS, total cost of hospitalization, or inpatient pharmacy costs compared with those who received therapy that varied from guideline recommendations. Our study suggests that prescribing narrow-spectrum therapy and, in some circumstances, combination therapy, Model is adjusted for age, fever on presentation, tachypnea on presentation, wheezing on presentation, need for supplemental oxygen, Pediatric Early Warning Score 5, chest radiograph findings, and need for repeat imaging. ‡ Model is adjusted for age, wheezing on presentation, need for supplemental oxygen, Pediatric Early Warning Score 5, need for repeat imaging, and length of stay. § Model is adjusted for age, wheezing on presentation, and length of stay. as recommended by the 2011 PIDS/IDSA pneumonia guideline, did not result in negative unintended consequences.
In our study, children receiving guidelinerecommended therapy were younger, more likely to have elevated respiratory rate on presentation, and more likely to have an infiltrate on chest radiograph. We hypothesize the age difference is a reflection of common use of nonguideline macrolide monotherapy in the older, school-age child, as macrolides are commonly used for coverage of Mycoplasma pneumonia in older children with CAP. 15 Children receiving macrolide monotherapy were older than those receiving guideline-recommended therapy (median age of 7.4 years and 2.5 years, respectively). We also hypothesize that some providers may prescribe macrolide monotherapy to children deemed less ill than expected for CAP (eg, normal percutaneous oxygen saturation). This hypothesis is supported by the finding that 60% of patients who had a normal respiratory rate and received nonguideline therapy were prescribed macrolide monotherapy. We did control for the characteristics that varied between the two treatment groups in our models to eliminate potential confounding.
One prior study evaluated the effects of guideline implementation in CAP. In evaluation of a clinical practice guideline that recommended ampicillin as first-line therapy for CAP, no significant difference was found following guideline introduction in the number of treatment failures (defined as the need to broaden therapy or development of complicated pneumonia within 48 hours or 30-day inpatient readmission). 16 Our study builds on these findings by directly comparing outcomes between recipients of guideline and nonguideline therapy, which was not done in the prestudy or poststudy design of prior work. 16 We believe that classifying patients based on empiric therapy received rather than timing of guideline introduction thoroughly examines the effect of following guideline recommendations. Additionally, outcomes other than treatment failures were examined in our study including LOS, costs, and ED revisits.
Our results are similar to other observational studies that compared narrow-and broad-spectrum antibiotics for children hospitalized with CAP. Using administrative data, Williams et al. found no significant difference in LOS or cost between narrow-and broad-spectrum intravenous antibiotic recipients ages 6 months to 18 years at 43 children's hospitals. 17 Queen et al. compared narrow-and broad-spectrum antibiotic therapy for children ages 2 months to 18 years at 4 children's hospitals. 18 Differences in average daily cost were not significant, but children who received narrow-spectrum antibiotics had a significantly shorter LOS. Finally, an observational study of 319 Israeli children <2 years of age found no significant difference in duration of oxygen requirement, LOS, or need for change in antibiotic therapy between the 66 children prescribed aminopenicillins and the 253 children prescribed cefuroxime. 19 These studies suggest that prescribing narrow-spectrum antimicrobial therapy, as per the guideline recommendations, results in similar outcomes to broad-spectrum antimicrobial therapy.
Our study adds to prior studies that compared narrow-and broad-spectrum therapy by comparing outcomes associated with guideline-recommended therapy to nonguideline therapy. We considered antibiotic therapy as guideline recommended if appropriately chosen per the guideline, not just by simple classification of antibiotic. For example, the use of a cephalosporin in a patient with aminopenicillin allergy was considered guideline-recommended therapy. We chose to classify the exposure of empiric antibiotic therapy in this manner to reflect true clinical application of the guideline, as not all children are able to receive aminopenicillins. Additionally, as our study stemmed from our prior improvement work aimed at increasing guideline adherent therapy, 7 we have a higher frequency of narrow-spectrum antibiotic use than prior studies. In our study, almost two-thirds of patients received narrow-spectrum therapy, whereas narrowspectrum use in prior studies ranged from 10% to 33%. [17] [18] [19] Finally, we were able to confirm the diagnosis of pneumonia via medical record review and to adjust for severity of illness using clinical variables including vital signs, physical exam findings, and laboratory and radiologic study results. This study must be interpreted in the context of several limitations. First, our study population was defined through discharge diagnosis codes, and therefore dependent on the accuracy of coding. However, we minimized potential for misclassification through use of a previously validated approach to identify patients with CAP and through medical record review to confirm the diagnosis. Second, we may be unable to detect very small differences in outcomes given limited power, specifically for outcomes of LOS, ED revisits, hospital readmissions, and need to broaden antibiotic therapy. Third, residual confounding may be present. Although we controlled for many clinical variables in our analyses, antibiotic prescribing practices may be influenced by unmeasured factors. The potential of system level confounding is mitigated by standardized care for patients with CAP at our institution. Prior system-level changes using qualityimprovement science have resulted in a high level of adherence with guideline-recommended antimicrobials as well as standardized medical discharge criteria. 7, 20 Additionally, nonmedical factors may influence LOS, limiting its use as an outcome measure. This limitation was minimized in our study by standardizing medical discharge criteria. Prior work at our institution demonstrated that the majority of patients, including those with CAP, were discharged within 2 hours of meeting medical discharge criteria. 20 Fourth, discharged patients who experienced adverse outcomes may have received care at a nearby adult emergency department or at their pediatrician's office. Although these events would not have been captured in our electronic health record, serious complications due to treatment failure (eg, empyema) would require hospitalization. As our hospital is the only children's hospital in the Greater Cincinnati metropolitan area, these patents would receive care at our institution. Therefore, any misclassification of revisits or readmissions is likely to be minimal. Finally, study patients were admitted to a large tertiary academic children's hospital, warranting further investigation to determine if these findings can be translated to smaller community settings.
In conclusion, receipt of guideline-recommended antibiotic therapy for patients hospitalized with CAP was not associated with increases in LOS, total costs of hospitalization, or inpatient pharmacy costs. Our findings highlight the importance of changing antibiotic prescribing practices to reflect guideline recommendations, as there was no evidence of negative unintended consequences with our local practice change.
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